Background: It remains controversial whether patients with Stage II colorectal cancer would benefit from adjuvant chemotherapy after radical resection. The aim of this study was to establish two mathematical models to identify the suitable patients for adjuvant chemotherapy. Methods: The current study comprised of two steps. In the first step, 353 patients with Stage II colorectal cancer who underwent surgical procedures at the Third Affiliated Hospital of Sun Yat-sen University between June 2006 and December 2015 were entered and followed up for 6-120 months. Their clinical data were collected and enrolled into the database. We established two mathematical models by univariate and multivariate Cox regression analysis to identify the target patients; in the second step, 230 patients under the same standard between January 2012 and December 2016 were entered and followed up for 3-62 months to verify the two models' validation. Results: In the first step, totally 340 surgical patients with Stage II colorectal cancer were finally enrolled in this study. Statistical analysis showed that tumor differentiation (TD) (P < 0.001), lymphovascular invasion (LVI) (P < 0.001), uncertain or positive margins (UPM) (P < 0.001), and fewer lymph nodes (LNs) (<12) retrieved (P < 0.001) were correlated with the overall survival (OS) and disease free survival (DFS). We obtained two models: (1) , respectively], patients can be divided into three groups: low-risk, moderate-risk, and high-risk. Moreover, the high-risk group patients could benefit from adjuvant chemotherapy. In the second step, totally 221 patients were finally used to verify the models' validation. The results proved that the models were accurate and feasible (P < 0.05). Conclusions: According to the predictive models, patients with Stage II colorectal cancer in the high-risk group are strongly recommended for adjuvant chemotherapy, thus facilitating the individualized and precise treatment. 
Original Article introDuCtion
Colorectal cancer is the third leading cause of cancer deaths worldwide and in the USA. [1] [2] [3] [4] In China, colorectal cancer is the fourth most common cancer and the fifth cause of cancer death. [5] An estimated 331,300 new cases of colorectal cancer and an estimated 159,300 deaths were reported in 2012. [5] Chemotherapy is the most important adjuvant treatment for colorectal cancer after surgery. A majority of Stage III/IV patients can benefit from adjuvant chemotherapy. [6] [7] [8] However, it is controversial when it comes to patients with Stage II colorectal cancer due to the difficulty in distinguishing the target high-risk patients. [8, 9] According to the National Comprehensive Cancer Network (NCCN) Guidelines, such clinicopathologic characteristics are considered high-risk Stage II patients for adjuvant treatment: fewer lymph nodes (LNs) retrieved (<12) during surgery, [10, 11] T4 staging, poorly differentiated tumor, lymphovascular or perineural invasion, [9, 12] obstructing or perforating cancers [8, 13, 14] and positive margins. However, the current clinical trials and guidelines lack quantification of each factor's impact on recurrence or poor prognosis, and there were no detailed recommendations for adjuvant chemotherapy. [15] The chemotherapy criterion remains undefined. In the current retrospective study, we analyzed the correlation between high-risk factors and prognosis of high-risk Stage II colorectal cancer patients, aimed to quantify each factor's impact, and established two mathematical models to identify the suitable patients for adjuvant chemotherapy.
methoDs

Ethical approval
As a retrospective study and data analysis were performed anonymously, this study was exempt from the ethical approval. All patients involved in the study were informed in the process of the follow-up and consented to participate in the study. All patient records and information were anonymized and de-identified before analysis.
Patients enrollment
In the first step, patients with Stage II colorectal cancer undergoing surgical procedures at the Department of Gastrointestinal Surgery, the Third Affiliated Hospital of Sun Yat-sen University between June 2006 and December 2015, were entered into the current retrospective study. Clinical data were collected and enrolled into the database. Overall 353 patients met the criteria and all of them underwent D2 or D3 lymphadenectomy with negative resection margins (R0). In the second step, patients under the same standard between January 2012 and December 2016 were entered for models verification. Overall 230 patients met the criteria.
The inclusion criteria were as follows: (1) pathological diagnosis of colorectal adenocarcinoma; (2) postoperative clinical pathological Stage II cancer; (3) surgical evaluation for R0 resection; (4) a complete medical record, and (5) D2 or D3 lymphadenectomy. The exclusion criteria were: (1) severe basic disease or American Society of Anesthesiology scoring above Grade III; (2) severe postoperative complications or perioperative mortality (<30 days postoperatively); (3) previous or accompanying other cancer; and (4) loss to follow-up.
Clinical, pathological stage and risk factor assessment
The clinical, pathological stage was evaluated by the American Joint Committee on Cancer TNM classification (the 7 th edition) of colorectal cancer. According to the NCCN Guidelines (version 2, 2016) for colon and rectal cancer, [16, 17] Stage II disease was defined as tumor invading through the muscularis propria into the pericolorectal tissues (T3), directly penetrating to the surface of the visceral peritoneum (T4a), or directly invading or adherent to other organs or structures (T4b), and without LN or distant organ metastases (N0 and M0).
Patients with high-risk Stage II disease were defined as those with poor prognostic features, including: (1) T4 tumors (IIB/ IIC), (2) poorly tumor differentiation (TD), (3) lymphovascular invasion (LVI), (4) peripheral nerve invasion, (5) bowel obstruction or lesions with localized perforation, (6) uncertain or positive margins (UPM), and (7) inadequately sampled LNs (<12). The status of each risk factor was evaluated and recorded in a database. Bowel obstruction or perforation were determined by the clinical manifestation and imaging data. Considering similar hazard ratio of recurrence in these two kinds of patients [18] and the few cases of perforation, we combined patients with perforation and obstruction. Pathological evaluation was performed by two pathologists independently, and the final diagnosis was determined by discussion if the two pathologists disagreed with the primary result. The LNs were retrieved by the surgeon as soon as possible after the operation. According to NCCN Guidelines' recommendation, a minimum of 12 LNs were required to get an accurate N stage. [14, 19, 20] Hence, it was considered inadequately sampled nodes if <12 LNs were harvested. Moreover, the M staging was evaluated by imaging data, including computed tomography (CT) scan of the abdomen, X-ray of chest and positron emission tomography/ computed tomography (PET/CT) if necessary.
Other clinical characteristics were also obtained including age, gender, the extent of tumor resection, site of the tumor and the use of chemotherapy.
Follow-up
In the first step, all the patients were followed up for 6-120 months. Moreover, the median follow-up periods were 37 months. In the second step, all the patients were followed up for 3-62 months with a median follow-up period of 30 months. The examinations included CT scans and blood tests every 3 months during the first 2 years, and every 6 months from 3 rd to 5 th year after surgery, and every 12 months after 5 th year; fiber colonoscopy every year, bone scan, and other diagnostic tests if necessary during the follow-up period. Tumor recurrence was defined as in situ recurrence or metastases of liver, peritoneum, bone, lung and brain, and no other types of the tumor were found. All patients with recurrence were diagnosed clinically or radiographically. Moreover, the recurrence type, recurrence date, date of death, causes of death, and other factors were collected and recorded into the database. Survival time was calculated from the date of surgery to the date of death or censoring.
Statistical analysis
Cox regression model was used to obtain the model formula. Univariate analysis and Cox's proportional hazard model in the multivariate analysis were estimated. The rates of overall survival (OS) and disease-free survival (DFS) were obtained using Kaplan-Meier estimation [ Figures 1 and 2] . The log-rank test was applied to select the optimum cutoff score according to the maximum Chi-squared value. The log-rank test was also used to verify the models and cutoff score. A value of P < 0.05 was considered statistically significant. All statistical calculations were performed with R software, version 3.2.4 (Microsoft Company, Redmond city, Washington state, USA).
results
Clinicopathologic features and the univariate analysis of prognostic factors
In step one, totally 340 patients with Stage II colorectal cancer were enrolled in the study. The clinicopathologic features and the univariate analysis of high-risk factors are listed in Table 1 . According to the results, the following factors were correlated with OS: TD (P < 0.001), LVI (P < 0.001), UPM (P < 0.001) and fewer than 12 LNs retrieved (P < 0.001). However, gender (P = 0.471), age (P = 0.699), tumor position (P = 0.555), T staging (P = 0.308), perineural invasion (P = 0.892) and obstructing or perforating cancers (P = 0.810) were identified as nonsignificantly correlated factors with OS. Since the chemotherapeutic indication was not strictly controlled in the early period, chemotherapy had no correlation with the prognosis in this group of data (P = 0.250). Besides, the following factors were correlated with DFS: TD (P < 0.01), LVI (P < 0.001), UPM (P < 0.001) and fewer than 12 LNs retrieved (P < 0.001). Similarly, gender (P = 0.371), age (P = 0.534), tumor position (P = 0.885), T staging (P = 0.591), perineural invasion (P = 0.376), obstructing, or perforating cancers (P = 0.579) and chemotherapy (P = 0.749) were identified as nonsignificantly correlated factors with DFS.
Multivariate Cox regression analysis of prognostic factors for patients with Stage II colorectal cancer
To evaluate the impact of each high-risk factor, the multivariate Cox regression analysis was performed. Final results showed each of the four correlated prognostic factors had regression coefficients in OS risk score model as shown in Table 2 : TD (1.116), LVI (2.202), UPM (3.676) and <12 LNs retrieved (1.438). And each of the four correlated prognostic factors had regression coefficients in DFS risk score model as shown in Table 3 : TD (0.789), LVI (2.074), UPM (3.183), and <12 LNs retrieved (1.329). Moreover, the regression coefficients represent the weight of each factor.
Establishment of the predictive mathematical models
To evaluate the necessity of adjuvant chemotherapy, predictive mathematical models were established to systematically evaluate the influence of each factor on the patients' OS and DFS [ Tables 2 and 3 ]. According to the univariate and multivariate Cox regression analysis of prognostic factors, we found that TD, LVI, UPM and fewer LNs retrieved (<12) were related influential factors of the poor prognosis with respective weights.
The weight of the 4 variables in the OS model were TD (1.116), LVI (2.202), UPM (3.676), and <12 LNs retrieved (1.428), respectively, and that in the DFS model were TD (0.789), LVI (2.074), UPM (3.183) and <12 LNs retrieved (1.329), respectively. Assignments of the variables were TD (poorly-differentiated = 1, well or moderately differentiated = 0), LVI (present = 1, absent = 0), UPM (present = 1, absent = 0), and LNs retrieved (<12 LNs = 1, ≥12 LNs = 0).
The score was a summation of multiplicative products of assignments and regression coefficients of each correlated risk factor. According to the models, we calculated the risk score for each patient according to the individual status of prognostic factors. Lastly, we conducted every score for these patients through log-rank test to give the optimal cutoff points for the risk score. The scores with the maximum Chi-square values (or minimum P values) were the optimal cutoff points. The results showed two cutoff points (0.07 and 1.33) in OS risk score model, and the corresponding Chi-square were 30.9 and 38.8. Similarly, we got two cutoff points (−0.04 and 1.30) in DFS risk score model and the corresponding Chi-square were 33.6 and 38.6.
Thus, the OS risk score was divided into a low-risk group with a score below 0.07, a moderate-risk group with a score from 0.07 to 1.33, and a high-risk group with a score above 1.33 [ Table 4 ]. Moreover, the Kaplan-Meier survival curve for low-, moderate-, and high-risk groups was demonstrated in Figure 1 with significant difference (P < 0.001). The value of the risk score was to indicate the high risk of poor prognosis and give the recommendation for adjuvant chemotherapy. And the groups divided by the DFS risk score was similar to the above shown in Table 5 and Figure 2 . According to the results, the suggestions were as follow: no recommendation of adjuvant chemotherapy for low-risk group, the conditional recommendation of adjuvant chemotherapy for the moderate-risk group, and strong recommendation of adjuvant chemotherapy for the high-risk group.
Validation of the predictive mathematical models
In step two, 221 patients were enrolled in the study. We calculated all the patients' risk score based on the model in step one and divided them into three groups, including low-risk group, moderate-risk group, and high-risk group [ Tables 4 and 5 ]. And we carried out Kaplan-Meier estimation and log-rank test to verify the accuracy of the models. The result of validation showed the OS of patients in the low-risk group, moderate-risk group and the high-risk group had significant difference [ Figure 3 and Table 6 ]. The same result was found in disease free survival of patients in three groups [ Figure 4 and Table 7 ]. The above results showed the model was accurate and feasible.
Correlation analysis on types of recurrence and risk factors
Recurrence or metastasis occurred in 46 of 340 patients in the first cohort of patients, and the median recurrent time was 16 months (4-72 months). The types of recurrence included local recurrence in 5 cases, peritoneal metastasis in 9 cases, organ metastases in 25 cases (liver metastasis in 19 cases, lung metastasis in 5 cases, and bone metastasis in 1 case), and LN metastasis in 7 cases. To investigate the correlation between the types of recurrence or metastasis and high-risk factors, the canonical correlation analysis and contingency table correlation analysis were performed respectively.
Canonical correlation analysis showed there were correlation between UPM, <12 LNs retrieved and local recurrence (canonical correlation coefficient 0.391, P < 0.0001); LVI or <12 LNs retrieved and organ or LN metastasis (canonical correlation coefficient 0.654, P < 0.0001); T4 staging or obstructing/perforating cancers and peritoneal metastasis (canonical correlation coefficient 0.793, P < 0.0099) [ Table 8 ].
DisCussion
Colorectal cancer is the third leading cause of cancer deaths worldwide. Almost a quarter of colorectal cancer cases are classified as Stage II once diagnosed. Operation remains the mainstay of treatment, with a postoperative 5-year survival rate of 80%. [1] For Stage I patients, surgical resection is adequate, and Stage III/IV patients can benefit from chemotherapy. However, adjuvant chemotherapy in Stage II disease still remains controversial. Some studies showed no benefit with adjuvant therapy in Stage II disease, including a meta-analysis from the IMPACT B2 investigators, [21] a pooled analysis of seven trials with 3302 patients, [8] and an analysis of the SEER database of 3151 Stage II patients, [4] etc., However, other studies gave the positive results for adjuvant therapy, such as the Quick and Simple and Reliable study, which showed 4% absolute benefit despite a 20% proportional reduction in the risk of recurrence and death. [22] The major concerns are: (1) surgery alone gives excellent outcomes; (2) adjuvant chemotherapy provides only a small benefit; and (3) furthermore chemotherapy has its toxicities, inconvenience, cost and psychological distress. The justification for adjuvant chemotherapy creates one of the most challenging decisions in the management of patients with Stage II colorectal cancer.
According to the NCCN Guidelines, clinicopathologic characteristics, including fewer than 12 LNs retrieved, T4 staging, poorly differentiated tumor, lymphovascular or perineural invasion, obstructing or perforating cancers and positive margins, are considered in selecting high-risk Stage II patients for adjuvant chemotherapy. For the patient selected as high-risk Stage II disease, the recommendation of adjuvant chemotherapy may be given by clinicians. However, the previous clinical trials have not quantified each high-risk factor's impact on the recurrence or poor prognosis risk. Hence, we presume adjuvant chemotherapy should not be given to high-risk Stage II patients without discrimination. Moreover, quantization of the high-risk factors may be more objective and precise for the selection of individualized treatment.
We took several steps to evaluate the impact in OS of each risk factor. First, the univariate analysis of prognostic factors showed TD, LVI, UPM and <12 LNs retrieved were correlated with OS. Second, multivariate Cox regression analysis was performed, and among the 4 correlated prognostic factors, UPM has the highest regression coefficient (3. So, we could obtain the risk score according to the clinicopathologic characteristics. Finally, we gave two groups of optimal cutoff points (0.07 and 1.33) and (−0.04 and 1.30), and divided the risk score into three groups as low-, moderate-, and high-risk group. The significance of the three cutoff points is to give appropriate recommendation for the patients to receive chemotherapy.
To obtain the optimal cutoff points, we conducted a log-rank test of every score for these patients. And, the corresponding risk score of maximum Chi-square values (or minimum P values) was the optimal cutoff point. In another word, the difference of survival curve is most remarkable at the cutoff point. So, according to our results, adjuvant chemotherapy is not recommended if the patient falls into the low-risk group, adjuvant chemotherapy is conditionally recommended for the patients in a moderate risk group, and adjuvant chemotherapy is strongly recommended for patients in high-risk group.
Hereafter, we used the subsequent follow-up of 221 patients to validate the accuracy and feasibility of the previous mathematical models. The results showed that log-rank test is statistically significant (P < 0.05). The models were accurate and feasible.
In addition, we conducted canonical correlation analysis to find the correlation between the types of recurrence or metastasis and high-risk factor. The results showed that local recurrence was correlated to UPM and <12 LNs retrieved. The phenomenon may be explained as the biological residual of cancer cells in the local area. If LVI occurred, cancer cells may be transported to distant organ or LN along a blood vessel or lymphangion. Thus, organ or LN metastasis is likely to arise. Moreover, if the LNs dissection is not sufficient, the residual cancer cells in lymphatic system may cause the metastasis of distant organ or LN. Similarly, peritoneal metastasis is likely to appear in the patients with T4 staging or obstructing/perforating cancers because of the shading of the cancer cells.
It is worth mentioning that our study has limitations. First, the retrospective study of the current equation only involves 340 cases; the limited sample may affect the results, especially the veracity of the model. Second, the indication of adjuvant chemotherapy was executed not very strictly, especially in the early period. Thus the results of survival rate may be influenced by the possible bias. And Finally, the data of single center may be less authentic. So, we are planning to conduct multicenter, prospective studies with large sample sizes to adjust and test our predictive model in the future. 
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